Expressed sequence tags (ESTs) from the Antarctic green algae Pyramimonas gelidicola were analyzed to obtain molecular information on cold acclimation of psychrophilic microorganisms. A total of 2,112 EST clones were sequenced, generating 222 contigs and 219 singletons, and 200 contigs and 391 singletons from control (4 o C) and cold-shock conditions (-2 o C), respectively. The complete EST sequences were deposited to the DDBJ EST database (http:// www.ddbj.nig.ac.jp/index-e.html) and the nucleotide sequences reported in this study are available in the DDBJ/EMBL/ GenBank. These EST databases of Antarctic green algae can be used in a wide range of studies on psychrophilic genes expressed by polar microorganisms.
Over 70% of the earth consists of low temperature ecosystems that have temperatures below or close to 0 o C, the freezing point of water. Antarctica is a continent of extremely harsh environment on the planet, which has the lowest temperature of -89.6 o C [20] . During seasonal changes, the Antarctic region undergoes principal environmental changes, which affect subsequent influence to living organisms. In transition from Fall to Winter, the temperature and the solar insolation decrease in this area [4] . The water temperature of the Antarctic coasts is around -1. [22] . Antarctic microorganisms, including photoautotrophs, have developed a number of ways to adapt themselves to the harsh environments over generations [7] . Cold-adapted microorganisms contain a high concentration of polyunsaturated fatty acids in the membrane to grow and photosynthesize at low temperatures [14] . In addition, Antarctic plants and marine microorganisms produce ice active substances such as antifreeze proteins (AFPs), which lower the freezing point; consequently, they are able to survive at below subfreezing temperatures [9, 19] . These survival strategies in cold environments were found in Prasinophytes [14] . The EST databases of the marine diatoms Phaeodactylum tricornutum and Thalassiosira pseudonana were integrated together [11] and the database currently contains 27,310 EST sequences (12,136 for P. tricornutum and 15,174 for T. pseudonana). The EST datasets of polar diatoms were constructed from Fragilariopsis cylindrus [13] and Chaetoceros neogracile [7] . The F. cylindrus and C. neogracile EST databases contain 1,376 EST sequences (996 tentative unique sequences) and 1,881 sequences, respectively. Most of the ESTs from F. cylindrus encoded the genes related to translation, ribosomal structure, and biosynthesis. It was revealed that over 28% of C. neogracile ESTs was related to cellular reactions for metabolism, genetic information processing, and photosynthesis.
Pyramimonas gelidicola is one of the dominant primary producers in the Antarctic area. This phototrophic nanoflagellate is mainly distributed in lacustrine and oligotrophic saline lakes in the Antarctic continent, such as Ace Lake [2, 3, 6, 10, 14, 21] . This flagellate grazed 0.4% to 16% in situ bacterial biomass (between 4% and over 100% in situ bacterial production) during the summers of 1997 and 1999 at Ace Lake in Vestfold Hills, eastern Antarctica. In spite of their ecological and physiological importance in Antarctic ecosystems, there is little information of P. gelidicola at the level of molecular biology. In this report, we aimed to analyze ESTs of P. gelidicola expressed at cold temperature.
The Antarctic phototrophic nanoflagellate Pyramimonas gelidicola (KOPRI AnM0046) that was maintained at the Korea Polar Research Institute (KOPRI) was cultured in F/2 seawater media filtered with 0.2 µm pore size filters. The seed culture was grown at 2 5 and 3.0 × 10 5 recombinant plaque-forming units, respectively. A total of 2,112 clones (1,056 clones from each of two culture conditions) were randomly chosen and the plasmids were subjected to sequencing. The cDNA amplification was carried out with the T7 primer and ABI Prism BigDye terminator cycle sequencing reaction mix (Applied Biosystems, Foster City, CA, USA). The amplified cDNAs were purified by Quadra 3 (Tomtec, Hamden, CT, USA). Sequencing was performed with an ABI3730 XL DNA analyzer (Applied Biosystems, Foster City, CA, USA). More than 92% and 94% had over 500 nucleotide base pairs in control and treatment conditions, respectively. The 2,042 EST sequences (1,016 from control condition and 1,026 from cold-shock condition) with average Phred scores [5] greater than 20 were subjected to subsequent clustering and assembling by TGICL (TIGR Gene Indices clustering tools) [17] . All of the sequences longer than 100 nucleotides were clustered by the CAP3 (Contig Assembling Program). Sequences greater than 94% identity over a region longer than 30 base pairs were clustered. As a result, 441 unique sequences (222 contigs and 219 singletons) and 591 unique sequences (200 contigs and 391 singletons) were obtained from control and cold-shock conditions, respectively ( Table 1) .
The complete EST sequences were deposited to the DDBJ EST database (http://www.ddbj.nig.ac.jp/index-e.html). The nucleotide sequences reported in this study are available in the DDBJ/EMBL/GenBank database of nucleotide sequences, with the accession numbers FS592765 to FS593780 for control condition database and those from FS593781 to FS594806 for cold-shock database.
Individual unique sequences were compared with nonredundant and KOG (orthologous groups for eukaryotic complete genomes; http://www.ncbi.nlm.nih.gov/COG/ grace/shokog.cgi) databases from the BLASTX algorithm. ESTs and genomic sequences for Arabidopsis thaliana [8] , Chlamydomonas reinhardtii [12] , Micromonas pusilla CCMP1545 [23] , Micromonas sp. [23] , Picea sitchensis [18] , Ostreococcus lucimarinus [16] , and Physcomitrella patens [15] were compared with EST sequences of P. gelidicola dominantly. Functional classification was accomplished from KOG categories.
A total of 2,042 EST sequences from the two different conditions were compared with 8 nonredundant and KOG (orthologous groups for eukaryotic complete genomes) databases to identify genetic function and categorize functional protein domains. The EST sequence comparison was carried out using BLASTX [1] with a cut-off expectancy value of 10 -4
. Micromonas sp. RCC299 sequences showed the highest similarity and those of Arabidopsis thaliana revealed the lowest similarity in control condition (Fig. 1A) . The most abundant EST sequences were matched with Micromonas sp. RCC299 in cold-shock condition (Fig. 1B) . Most of both EST sequences from control and cold-shock conditions showed high similarities to eukaryotic organisms from algae (57.0% and 54.1%), animal (5.5% and 3.9%), bacteria (2.6% and 5.3%), fungi (0.9% and 1.7%), and higher plants (34.0% and 35.0%). More than 80% if the ESTs from both conditions were relevant to algae and higher plants, mainly genera Chlamydomonas, Micromonas, Ostreococcus, and Physcomitrella. All EST sequences were then compared with the KOG database to classify the protein domains (Fig. 2) .
S-Adenosyl homocysteine hydrolase (13 ESTs), Sadenosylmethionine synthetase (11 ESTs), heat shock protein 70 (8 ESTs), and stress-related chlorophyll a/b Passed reads had ≥ 100 nucleotides.
EST OF ANTARCTIC GREEN ALGAE, PYRAMIMONAS GELIDICOLA 904 binding protein 2 (7 ESTs) were dominantly counted in cold-shock condition ( Table 2 ). The number of EST sequences encoding unknown (14 ESTs) was the highest in the cold-shock condition. Another unknown EST sequence (10 ESTs) and unnamed protein product (8 ESTs) were also counted dominantly. Further functional analysis of the unknown EST sequences in this report (Table 2 ) might provide new clues to understand the cold-adaptation mechanism of polar organisms. To date, Antarctic Prasinophyte green algae have been investigated in aspects of their importance as primary producers in polar ecosystems and ecological distributions, but studies related to cold-shock or cold acclimation mechanisms have been limited. Hence, analyses of P. gelidicola ESTs would provide the genetic information and preliminary expression profiles in low-temperature environments.
